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Abstract
The article presents a summary of several years (2009-2015) of studies on the application of mobile satellite Global Navigation 
Satellite Systems (GNSS) measurements in the field of designing and operation of railways. These studies have been conducted 
by an interdisciplinary research team from the Gdansk University of Technology and the Gdynia Maritime University. Mobile 
satellite GNSS measurements are taken during a ride (through the railroad) by the measuring train consist of motor car with a 
trailed double axles platform bogies on which the GNSS receivers were installed. The authors described the adopted 
methodology of the carried out measurements of the rail and tram tracks. The problem of an accuracy of satellite positioning
measurements has been discussed. 
The authors proposed a method that makes it possible to assess quantitatively the accuracy of the research implemented over 
years. New concepts were introduced, such as: GNSS positioning networking service availability, reliability and continuity based 
on the theory of reliability. Using a developed mathematical model they recounted the results of four archival measurement 
campaigns of years: 2009-2015. The studies have shown that the number of used satellite systems as well as support for GNSS 
measurements with the inertial system are important from the point of view of the accuracy of the results.
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1. Introduction
The development of satellite geodetic techniques, together with the increase of GPS (Global Positioning System) 
surveying precision, leads to taking an effort of application the GPS technology for the purpose of railway track 
inventory. Start of Polish Active Geodetic Network (ASG-EUPOS) in 2008 and a significant qualitative 
improvements in the Global Navigation Satellite Systems (GNSS) accuracies (use of integrated GPS/GLONASS 
receivers, fix rate up to 20 Hz, and implementation of the geoid model in receivers’ system) led the interdisciplinary 
research team to undertake an investigation within attempts to assess the possibility of using GNSS for geodetic 
service of railways.
Nomenclature
1 2, ,...X X working times
1 2, ,...Y Y times of failures
'
1 1 2 2 1...n n nZ X Y X Y Y X       moments of failures
'' '
n n nZ Z Y  moments of renewal
 F x ,  G y distribution functions of nX and nY
 tD binary interpretation of the reliability state
 expA t positioning GNSS networking service availability
 exp ,R t W positioning GNSS networking service reliability
 exp ,C t W positioning GNSS networking service continuity
The first satellite measurements of railway lines were carried out in February 2009 by the Gdansk University of 
Technology and the Polish Naval Academy scientific team. The research was implemented on the 50 km section of 
the railway line. The system of four GPS devices located in the parallelogram with the direct measure of the wagon 
wheels was used in the surveys. Studies have shown that an accuracy of the determination of the coordinates values 
were mainly determined by the field obstacles (Koc, Specht, 2009; Koc et al., 2009a; Koc et al., 2009b; Koc et al., 
2012a).
In 2010, the measurement of the geometric shape of railway track was carried out on the section of the Gdansk -
Gdansk Nowy Port railway line. Three receivers Leica System 1200 SmartRover, which consisted of Smart-type 
controllers RX ATX1230GG and 1250 were deployed on the longitudinal axis of the PWM-15 platform. Dynamic 
measurements were performed in real-time GPS service (RTK measurement method), with the use of RTK 
corrections NAVGEO RTCM 3 1 VRS stream. The measurement set used the internet access service via modems 
GPRS Siemens MC45-mode network NTRIP Simplus (Koc, Specht, 2010; Koc, Specht, 2011; Koc et al., 2012a; 
Koc et al., 2012b).
In 2012 the satellite measurements of tram line in Gdansk was performed. It was expected that the GNSS signal 
will be limited by terrain obstacles occurring in the urban area. Therefore, it was decided to verify the research 
methodology after a detailed analysis of the conditions for the implementation of measurements carried out in 
previous years. Real Time measurements with the use of ASG-EUPOS were no longer used due to the existing (in 
the afternoon) network breaks associated with the transmission of GPS pseudo-range corrections. Measurement 
were carried out in post-processing, so that the analysis of the results gave more opportunities to use signals from 
different reference stations. It was decided to implement a dual-mode GNSS receivers using the signal of two 
satellite system: GPS and GLONASS. This resulted in increasing the accuracy of coordinate values survey directly 
related to the number of available GNSS satellites. Since the ASG-EUPOS network doesn’t have the possibility of 
sending corrections to the dual-mode receivers, the scientific GPS/GLONASS reference station from Gdansk 
University of Technology was also used. It was located in the area of the measurements (up to 10 km). Two 
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receivers Leica Viva GS 15 and 1200 series GS 12 with controllers CS 15 were used during the inventory 
measurements. The measuring unit consisted of a power car and two outboard cars, on the top of them the antennas 
and controllers were installed (Koc et al., 2012c).
Next tram routes surveys was completed in Gdansk on September 20-21, 2013. For the first time two geodetic 
satellite systems: GPS and GLONASS and private active satellite geodetic network were used for this purpose. 
Thanks to the announcement in 2011 of the operating status for the Russian Global Navigation System (GLONASS) 
and opening in the northern Poland a commercial geodetic satellite network Leica SmartNet, for the first time it was 
possible to carry out measurements, using two satellite systems (GPS/GLONASS) which significantly increased the 
accuracy of measurements on a rail. Two GPS receivers Leica GS 15 and GS 12 were used to carry out 
measurements (Specht et al., 2014a).
In May 2014 the interdisciplinary team of the Gdansk University of Technology, Gdynia Maritime University 
and the Polish Naval Academy undertook to deliver the GNSS measurements on the historic narrow-gauge line in 
Koszalin. Already during the planning of the measurement campaign the issue of exceptionally unfavorable terrain 
was highlighted. Between Mamowo and Rosnowo, on the major part of the reconstructed section, the railway line 
runs through the dense forest. The field inspection showed that over a dozen years of unused narrow-gauge railway 
lines resulted in trees almost completely obscuring the horizon. Despite the extremely adverse conditions it was 
decided to continue the study. The researchers adapted the project (well proven when measuring on tram tracks in 
2012) of antenna installation on rigid wheelchair wagon pulled by a motor engine. For this purpose, they used a train 
consisting of a motor trolley WMc 153, operated on a daily basis to implement ongoing tract maintenance works 
(transport of workers, tools and materials) and two trailer wagons made of carts of a combustion engine railcar 
MBxd2. On both carts they mounted bases for mounting the antenna tribrach and the associated equipment. At the 
base of the rear wagon, in the center of the track axis, using high-precision tachometry, the Leica Viva GS 15 
antenna was attached, with the controller (Specht et al., 2014b; Specht et al., 2015).
Between 10 and 26 June 2015 the team completed two measurement campaigns which goal was to inventory the 
newly-constructed line of the Pomeranian Metropolitan Railway. The Pomeranian Metropolitan Railway (PKM) is 
the largest infrastructure investment in the history of the Pomorskie Province local government. The first of the 
campaigns (10 June 2015) was implemented by a team of four colleges (Gdynia Maritime University, Gdansk 
University of Technology, Polish Naval Academy, University of Warmia and Mazury in Olsztyn) and the company 
Geotronics – they implemented the inventory geodetic survey of the line of the Pomeranian Metropolitan Railway at 
the following section: Gdansk Airport – Gdansk Wrzeszcz. In the measurements the team applied seven GNSS 
receivers (Trimble R10, Leica GS15, Topcon Hiper Pro, Septentrio) which appointments were supported with 
inertial systems. Another measurement – covering the entire PKM line was completed on 26 June 2015; it was 
completed by the team of colleges (Gdynia Maritime University, Gdansk University of Technology, Polish Naval 
Academy), together with the Geotronics company. This time the tour was performed using two GNSS receivers 
(Trimble R10, Leica GS 15). In those measurements the appointments of GNSS receivers were supported for the 
first time by the inertial system.
The table 1 lists comparative measuring configurations of GNSS receivers used in years 2009-2015.
       Table 1. GNSS measuring sets configurations used for the diagnosis of railway tracks. Methods evolution.
2009 February, Railway routes: .RĞFLHU]\QD- Kartuzy – 50 km
GNSS Solution: GPS only, ASG-EUPOS Network, VRS, FKP, MAC.
Processing: Real Time, Service NAVGEO, Distance auto-recording 30 cm, Leica Office software.
Receivers: 4 phase GPS (Leica ATX 1230GG).
2010 April, Railway routes: *GDĔVN2VRZD- .RĞFLHU]\QD– 20 km
GNSS Solution: GPS only, ASG-EUPOS Network, VRS, FKP, MAC.
Processing: Real Time, Service NAVGEO, Distance auto-recording 30 cm, Leica Office software.
Receivers: 3 phase GPS (Leica ATX 1230GG).
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2010 November, Railway URXWHV*GDĔVN2VRZD- .RĞFLHU]\QD– 60 km
GNSS Solution: GPS only, ASG-EUPOS Network, VRS.
Processing: Real Time, Service NAVGEO, Distance auto-recording 30 cm, Leica Office software.
Receivers: 3 phase GPS (2x Leica ATX 1230GG, Leica GS 15).
2012 February, 7UDPSURXWHVLQ*GDĔVN– 50 km
GNSS Solution: *36*/21$66).3IURPVWDWLRQORFDWHGLQ*GDĔVN
Processing: Post-processing, Auto-recording every 30 cm, Leica Office software.
Receivers: 2 phase GPS/GLONASS (Leica GS 12,Leica GS 15).
2013 September, 7UDPSURXWHVLQ*GDĔVN– 30 km
GNSS Solution: GPS/GLONASS, VRS from Leica SmartNet GNSS network.
Processing: Real Time, Auto-recording 20 Hz (Leica GS 15), Leica Office software.
Receivers: 2 phase GPS/GLONASS (Leica GS 12, Leica GS 15).
2014 May, Narrow-Gauge Railway Koszalin – 18 km
GNSS Solution: GPS/GLONASS, VRS from Leica SmartNet GNSS network.
Processing: Real Time, Auto-recording 20 Hz, Leica Office software.
Receivers: 1 phase GPS/GLONASS (Leica GS 15).
2015 June, Pomeranian Metropolitan Railway
GNSS Solution: GPS/GLONASS/BeiDou + INS, VRS services from: Trimble, Topcon and Leica 
networks.
Processing: Real Time, Auto-recording 20 Hz, Trimble Business Center.
Receivers: Trimble R10, Leica GS 15, 4x Topcon Hiper Pro, INS system.
This article attempts to present in a collective manner the results of the implemented research – in particular 
regarding the accuracy of defining the position coordinates. For comparative purposes the authors selected four 
campaigns: Koscierzyna 2009, Gdansk 2013, Koszalin 2014, Gdansk PKM 2015 – which results were analysed.
2. Methods
In order to assess the potential opportunities and limitations on utilisation of mobile GNSS satellite 
measurements for inventory of railway routes, according to the authors, two statistic strategies should be considered. 
The first one concerns the analysis of statistical error distributions in determining positioning, for example by 
determining their function of probability density or cumulative distribution. This is a typical approach used in 
geodesy or navigation – known for decades. An alternative to this classic solution is the use of statistics calculated 
on the basis of the theory of system reliability, the primary advantage here is deliberation (statistical analysis) 
carried out as a function of elapsed time. In this case, the authors propose the use of the following characteristics 
enabling evaluation of the quality (accuracy) implemented (Specht, 2003; Specht, 2007):
x positioning GNSS networking service availability – understood as a probability, that user position coordinates 
determination error doesn’t exceed limit value defined by service provider (GNSS geodetic network), at any 
moment in time t ,
x positioning GNSS networking service reliability – understood as a probability, that user position coordinates 
determination error doesn’t exceed limit value defined by service provider, at time period given  0 ,t dt ,
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x positioning GNSS networking service continuity – understood as a probability, that user position coordinates 
determination error doesn’t exceed limit value defined by service provider, at time period given  0 ,t dt ,
assuming service state was available at time moment 0t .
Each of the above mentioned characteristics can be related to the error of a 3D position (horizontal + height), 2D 
(horizontal) and 1D (height). Due to the fact that the proposed variables are a function, it is appropriate, as a 
comparative criterion, to set their limits.
Let the position error (3D, 2D, 1D) during kinematic GNSS measurements, in the function of time, be a variable 
taking its values from the given interval of errors 0,f . Assume that the process of determining the coordinates is 
alternating with the renew in general reliability theory sense. Then we can recognize two states: the working one –
the state, where the error n UG d for 1, 2,...n  and the state of failure where n UG ! . The value U refers to a 
minimum acceptable position error defined arbitrary. Previous studies indicate that this value should relate to the 3 
values:
U
­
° ®
°¯
1 cm – rail track deformation
3 cm – rail track inventory
10 cm – maximum acceptable position error
(1)
Let 1 2, ,...X X be the working times while 1 2, ,...Y Y are the times of failures. Hence the moments: 
'
1 1 2 2 1...n n nZ X Y X Y Y X       , 1, 2,...n  are the moments of failures and 
'' '
n n nZ Z Y  are the moments of 
renewal. Assume also that the random variables ,i iX Y , 1, 2,...i  are independent and the working failure times have 
the same distributions.
Fig. 1. The functioning and failure states of the GNSS positioning system (Specht, 2003; Specht, 2007).
Let’s define the analytical form of the distributions of the variables nX and nY as:
   iP X x F yd  , (2)
   iP Y y G yd  , for 1, 2,...i  , (3)
where ܨ(ݕ),  G y means the distribution functions of nX and nY . Introduce also the notations of the expected 
value and the variance as follows:    iE X E X ,    iE Y E Y and   21iV X V ,   22iV Y V for 1, 2,...i  . We 
have also to admit that 2 21 2 0V V ! .
Let’s define the reliability process in which the relation between the single position error nG and the parameter 
U decide about its state (working or failure). Let  tD be the binary interpretation of the reliability state of the 
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process as:
 
'' '
1
' ''
1 1
1,
0,
n n
n n
Z t Z
t
Z t Z
D 
 
d ­
 ® d ¯
, for 1, 2,...i  . (4)
Typical realizations of the positioning process are characterized by the exponential distributions of the lifetime 
and the time of failures due to the property called the „memoryless” property, then authors propose to define 
positioning GNSS networking service availability as:
   exp tA t e O P
P O
O P O P
  
 
, (5)
with limiting value:
exp
1
1 1
A
PO
P O
O P
  

, (6)
where O , P are failure and renewal rates.
Positioning GNSS networking service reliability in the interval of time > ,t t W can be defined as the survival 
probability of a system where the position error reliability function can be presented as:
   exp , tR t e eO P OW
P OW
O P O P
  ª º  « » ¬ ¼
, (7)
with limiting value as:
 exptlim ,R t e
OWPW
O P

of
 

. (8)
And positioning GNSS networking service continuity could be represented by formula:
 exp ,C t e OWW  , (9)
with:
 exptlim ,C t e
OWW 
of
 . (10)
The main aim of the publication was to compare the results of the availability, reliability and continuity of GNSS 
accuracy in four measurement campaigns, from the point of view of the positioning accuracy related to three levels 
of precision: 1 cm, 3 cm and 10 cm. The first was completed February 2009 in Koscierzyna. The second one on
September 2013 in the city of Gdansk. The third measurements were carried out on May 2014 on the narrow-gauge 
railway routes in Koszalin and the last in July 2015 in the Gdansk. A re-analysis of the recorded data were realized 
with particular emphasis on the receiver calculated accuracy in: 3D, 2D and 1D. The first stage of the calculation 
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was determination of the working times and times of failure for given values of acceptable position errors 
amounting: 0.01 m (for deformation diagnostics), 0.03 m and 0.1 m (for railroad inventory). Fig. 2 presents example 
of the working times and times of failure for measurement campaign in Koszalin 2014 calculated for three levels of 
the accuracies (Specht et al., 2015).
Fig. 2. Working times and times of failure for three levels of acceptable position errors (0.01 m, 0.03 m, 0.1 m) during Koszalin 2014 campaign. 
The figure shows the results for 100 000 measurements (Specht et al., 2015).
3. Results and Discussion
Table 2 summarizes the aggregated results of the calculations that were made to the archive of measurement data 
(Koscierzyna 2009, Gdansk 2013, Koszalin 2014) using a mathematical model described in the previous section. 
The following table shows the limits for the GNSS positioning networking service availability, reliability and 
continuity. The calculations were repeated three times for levels of accuracy: 1 cm, 3 cm and 10 cm. The results 
were supplemented with additional value Mean Time Between Failures for each of the three levels.
       Table 2. The values of selected accuracy parameters for three measurement campaigns (Koscierzyna 2009, Gdansk 2013, Koszalin 2014).
Parameter for positioning Koscierzyna 2009 Gdansk 2013 Koszalin 2014
GNSS systems GPS GPS / GLONASS GPS / GLONASS
Terrain type Small city / forest area Citi approx.. 500 000 citizens Forest area
Dimentions 3D 2D 1D 3D 2D 1D 3D 2D 1D
MTBF for U < 1 cm [s] 0 2.61 5 2 11.53 3.39 0 14.64 2
Availability limiting value for U < 1 cm 
[%] 0 3.93 0.20 0.34 54.48 7.03 0 17.35 0.14
Reliability limiting value for U < 1 cm 
DQGĲ V>@ 0 1.24 0.11 0.07 42.00 2.9 0 14.14 0.023
Continuity limiting value for U < 1 cm 
DQGĲ V>@ 0 31.77 54.88 22.46 77.10 41.29 0 81.47 22.46
MTBF for U < 3 cm [s] 10.99 77.76 21.47 120 510 215.3 54.42 173.56 74.87
Availability limiting value for U < 3 cm 
[%] 43.04 66.39 54.76 85.04 89.53 87.41 44.36 55.51 49.55
Reliability limiting value for U < 3 cm 
DQGĲ V>@ 32.76 63.88 47.62 82.95 89.00 86.08 41.98 54.56 47.61
Continuity limiting value for U < 3 cm 
DQGĲ V>@ 76.12 96.21 86.96 97.54 99.41 98.61 94.63 98.28 96.07
MTBF for U < 10 cm [s] 223 120.53 257.84 703 732 886.60 907.70 595.78 840
Availability limiting value for U < 10 
cm [%] 86.10 68.14 68.14 92.07 93.22 92.66 57.14 59.47 57.34
Reliability limiting value for U < 10 cm 
DQGĲ V>@ 67.19 67.35 67.35 91.68 92.84 92.35 56.95 59.17 57.13
Continuity limiting value for U < 10 cm 
DQGĲ V>@ 98.66 98.84 98.84 99.57 99.59 99.66 99.67 99.49 99.64
The first of implemented inventory research railroads (Koscierzyna 2009) used the active satellite network based 
only on the VRS correction, where the network of GNSS (ASG-EUPOS) broadcast adjustments only for the GPS 
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system. For this reason, the number of satellites used to determine the coordinates (7-10 satellites) was statistically 
almost twice lower than in the dual-mode solution used later (GPS/GLONASS). The results of these studies indicate 
that the availability of obtaining a position with an accuracy of less than 1 cm is of a few percent. Significantly 
better are the results for the accuracy of less than 3 cm, where they achieved the availability at: 43.0% (3D), 66.4% 
(2D) and 54.8% (1D). For the measurement error of less than 10 cm, these values are as follows: 86.1% (3D), 68.2% 
(2D) and 68.1% (1D).
In subsequent studies (carried out in the big city agglomeration of Gdansk) they applied a dual-mode solution 
(GPS/GLONASS). That resulted in a significant increase of accessibility indicators for all three acceptable level of 
accuracy. The observed increase in the availability amounted to almost 40%, which clearly indicates that increasing 
the number of satellites available while measuring (almost two times), resulting from the use, in addition to the GPS, 
the second satellite system (GLONASS) is the right direction to find new solutions to increase the accuracy of the 
positioning. It should be particularly noted that significantly increased the availability as related to errors of 
positions of 3 cm and 10 cm, while the growth in the availability for the level of 1 cm is noticeable only in the 2D 
solution (from 3.93% to 54%), but it is very significant. In conclusion it should be noted that using the dual-mode 
solution for more than half of the time of measurement, there can be expected sub-centimeter accuracies for 2D 
measurements.
Conducted in 2014, the study of the narrow-gauge railway in the town of Koszalin, where they were implemented 
in the heavily IRUHVWHG DUHD VLPLODU WR PHDVXUHPHQWV LQ .RĞFLHU]\QD  ZKLOH XVLQJ GXDO-mode networks of 
GNSS (GPS/GLONASS) showed that the use of dual-mode GNSS networks was the right choice from the point of 
view of a highly accurate positioning – the point of view of the direction for further research.
However, the measurements conducted in the years 2009-2014 showed the existence of barriers restricting the 
use of the methodology applied for years. Its essential drawbacks include: the inability to increase the availability of 
assignments for the accuracy of the coordinate position of less than 1 cm, getting an availability of over 90% for the 
measurement error of 3 cm seems impossible, exceeding the availability of 50% of the assigned altitude for level 1 
cm is also virtually impossible.
There is no doubt that on the basis of the above data the research team found itself having to seek alternative 
methods of achieving measurements that would allow increasing the availability of high-accuracy GNSS 
appointments referenced to levels 1 cm and 3 cm. Therefore, the research strategy has also been verified. The new 
strategy was decided to rely on two elements:
x the use of the INS system to assist the positioning,
x the use, besides GPS and GLONASS systems, additional satellites of the BeiDou system in the process of 
determining the position.
Supporting measurements with an inertial system that would allow at least a few seconds to maintain a high-
accuracy position in the event of a significant decline in the number of available satellites (e.g. in urban or forested 
areas) was for the first time used during the inventory measurements of the Pomeranian Metropolitan Railway line. 
PKM trains shall connect Gdansk Wrzeszcz with the Gdansk Airport, further on, shall continue along the existing 
railway line Gdynia - Koscierzyna, allowing for the first time in 70 years the direct access by train from Gdansk to 
Kaszuby. PKM will also have three additional stops: Gdansk Osowa, Gdynia Karwiny and Gdynia Stadium. With 
PKM it will be possible to reach the airport in less than 25 minutes from both Gdansk and Gdynia.
The proceeds of 26 June 2015 (hrs. 16.28-19.54), namely the measurement data (fix rate of 20 Hz, 244 695 fixes) 
were developed in accordance with relationships presented in the previous section. The measurements were carried 
out using two geodetic GNSS receivers, one of which was aided by the INS system and used available satellites of 
the Chinese BeiDou system. In Table 3 the aggregate results are presented.
By analyzing the test results presented in Table 3 it should be noted that the use of the receiver aided with the 
INS system and increasing the number of available satellites resulted in an increase of accessibility for all three 
levels of accuracy. One can basically conclude that all three measures (availability, reliability and Continuity) for 
levels 3 cm and 10 cm are close to 100%. While for the accuracy level 1 cm the increase of accessibility in the 
horizontal plane is very high (31.28%), the same is true of the increase in the vertical plane (1D) - 31.34%. There is 
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no doubt that the research conducted by the team for many years has the opportunity of ever increasing precision. 
Summary of archived results, related to positioning GNSS service availability, are presented in the Fig. 3.
       Table 3. The values of selected accuracy parameters for two GNSS receivers (one of which was aided by the INS system), during the 
       measurement campaign Gdansk PKM 2015.
Parameter for positioning PKM 2015 (no inertial system) PKM 2015 (with inertial system)
GNSS systems GPS / GLONASS GPs / GLONASS / BeiDou
Terrain type Citi approx.. 500 000 citizens Citi approx.. 500 000 citizens
Dimentions 3D 2D 1D 3D 2D 1D
MTBF for U < 1 cm [s] 2.06 35.44 7.183 7.2 75.93 19.48
Availability limiting value for U < 1 cm [%] 0.16 56.75 6.88 1.22 88.03 38.31
Reliability limiting value for U FPDQGĲ V>@ 3.762·10-4 52.15 4.53 0.80 84.62 32.85
Continuity limiting value for U FPDQGĲ V>@ 23.36 91.88 65.86 65.92 96.12 85.73
MTBF for U < 3 cm [s] 134.90 1.422·103 202.12 226.89 all time 357.11
Availability limiting value for U < 3 cm [%] 76.52 83.15 79.97 98.29 100 99.49
Reliability limiting value for U FPDQGĲ V>@ 74.83 82.97 78.30 97.00 100 98.65
Continuity limiting value for U FPDQGĲ V>@ 97.80 99.78 98.52 98.68 100 99.16
MTBF for U < 10 cm [s] 3.235·103 4.859·103 2.333·103 all time all time all time
Availability limiting value for U < 10 cm [%] 84.62 85.39 84.86 100 100 100
Reliability limiting value for U FPDQGĲ V>@ 84.54 85.34 84.47 100 100 100
Continuity limiting value for U FPDQGĲ V>@ 99.90 99.93 99.87 100 100 100
Fig. 3. Positioning GNSS networking service availability as a function of GNSS solution (GPS, GPS + GLONASS, GPS + GLONASS + BeiDou 
+ INS) used during measurement campaigns (2009-2015) and three levels of accuracies: 1 cm, 3 cm, 10 cm.
4. Conclusion
In the past 6 years the research team of the Gdansk University of Technology, Gdynia Maritime University and 
the Polish Naval Academy completed seven measurement campaigns aimed at the implementation of mobile 
measurement methods in the field of satellite geodesy for geodetic services of railway and tram lines.
In the first years of the study (2009-2010) they sought to achieve such level of accuracy (3 cm) that would allow 
the possibility of implementing an inventory of railway lines for the project requirements. Initial tests were 
conducted based on the National Active Geodetic Network, which allowed the use of VRS corrections only to the 
GPS system, which did not guarantee to maintain high availability of this level of measurement error. In 2012 the 
solution was abandoned because there were introduced dual-mode GNSS geodetic networks (GPS/GLONASS), so 
from 2012 to 2014 they carried out measurements on the basis of that solution – it resulted in approx. 20-30% 
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increase in the availability of solutions with an error in horizontal and vertical plane not exceeding 3 cm. At the 
same time it was recognized that with careful planning to ensure a right constellation of satellites in time of taking 
measurements it is possible to achieve in a short period of time – the sub-centimeter accuracies, allowing to work on 
issues of diagnostics of track deformation. The availability of this solution was approx. 50% of the time of 
measurements.
In 2015, the inventory research was conducted for the Pomeranian Metropolitan Railway. Bearing in mind the 
past experience it is considered that it is necessary to implement the next (second) modification of the measurement 
strategy. It was decided to support GNSS measurements with the inertial system, and to use the GNSS network, 
which will provide a triple-system positioning based on GPS/GLONASS/BeiDou. As the research results 
demonstrated, the new strategy made it possible to increase the availability of precision measuring range (1 cm and 
3 cm) by approx. 30 percent in most dimensions of positioning.
The team's ultimate objective is to implement diagnostic measurements of railways while using multi-system 
GNSS receivers, which means that the achievement of a sub-centimeter accuracy of accessibility of more than 90% 
appears to be achievable in the near future.
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